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A Performance Measurement Extension
for BPMN
One Step Further Quantifying Interoperability in
Process Model
Xabier Heguy, Gregory Zacharewicz, Yves Ducq, Said Tazi
and Bruno Vallespir
Abstract Business process model and notation (BPMN) is becoming the most used
modeling language for business process. One of the important upgrades of BPMN
2.0 is the fact that data objects are now handling semantic elements. Nevertheless,
BPMNdoes not enable the representation of performancemeasurement in the case of
interoperability problems in the exchange of data objects, which remains a limitation
when using BPMN to express interoperability issues in enterprise processes. We
propose to extend the metamodel of BPMN in order to fill this gap. The extension,
named performanceMeasurement, is defined using the BPMN extensionmechanism.
This new element will allow to represent performance measurement in the case
of interoperability problems as well as interoperability concerns which have been
solved. We illustrate the data interoperability capabilities with an example from a
real industrial case.
Keywords Performance measurement · Interoperability · BPMN · Modeling ·
CBP
1 Introduction
The global economic context requires enterprises to acquire and maintain an effi-
cient information system. An adapted and well-defined ERP is today a sine qua
non condition for the success of a company. In addition, exchanges of information
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between various information systems are increasingly necessary: In particular, infor-
mation exchanges are growing with customers, suppliers, subcontractors or when the
enterprise is bought out and integrated in another company, but also within an inter-
nal department. Also, assuming one ERP covering all sectors of the company is not
always possible, which entails graftingmany heterogeneous ERP or at least modules.
The crucial problem of interoperability then arises.
Cross-organizational business process (CBP) modeling aims to describe the inter-
actions between different organizations [1] but also between different systems within
a single organization. Process modeling at the highest level should enable the vari-
ous partners to understand the articulation of the different processes in a simple and
intuitive way. However, defining user needs is not necessarily collaborative. Users
rarely understand the differences between inter-organization processes and internal
processes.
BPMN 2.0 [2] is a standard for the modeling of enterprise business processes.
BPMN is currently themost used language among processmodelers (64%of industry
penetration according to P.Harmon’s study) [3]. It provides ametamodel and notation
for defining and visualizing them. BPMN 2.0 allows the modeling of CBP by clearly
identifying independent resources pools and collaborative swim lanes within the
same resource group. However, the representation of data in BPMN 2.0 does not
reflect the concept of interoperability. Whether data are exchanged within the same
information system or between two entities, the representation of the data remains the
same. This is a weakness because this model hides the challenge and the difficulty of
solving interoperability problems, in particular in the eyes of decision-makers. This
lack of visibility can lead to incomprehension between IT technicians and managers
and may lead them to underestimate both the impact of the lack of interoperability
in the representation of the existing system and to make difficult the evaluation of
costs and delays to produce the system to set up. In an earlier work, we introduced
an extension to represent data exchanges presenting an interoperability issue as well
as interoperability concerns which have been solved [4].
But BPMN does not either permit to represent performance measurement. Yet,
making interoperability issues visible for all involved participants is not enough. An
interoperability issue causes a data treatment in order to solve this problem. And this
data treatment needs to commit resources, which is a waste of time and money. Then,
in order to make the consequences of an interoperability issue evident, it is necessary
to measure the performance of the actual process and to make visible the results of
the measurement. In this way, all involved participants can easily make a comparison
of these results and deduce that solving interoperability issues may result beneficial.
The technical structuring of BPMN is based on the concept of extensible layers
around a core set of basic elements. This extensibility makes it possible to define
an overlay of elements in order to better represent concepts inherent in the targeted
sector of activity. Each new layer is constructed in extension of a lower layer. BPMN
extensions are most often used to represent the specific needs of an industry [4].
But they can also be used to fill a general gap. This is the proposition of this paper:
prolonging the BPMN model specification by adding an extension which permits to
display the results of performance measurement in that case of interoperability.
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2 Background
2.1 Interoperability
The most common definition of interoperability tells us that it is: “the ability of
two (or more) systems or components to exchange information and use it” [5]. The
InterOp NoE (network of excellence in interoperability) defined interoperability as
“the ability of a system to work with another system without effort on the part of the
user” [6]. To complement these definitions, we can say that interoperability is “the
ability of systems, natively independent, to interact in order to build harmonious and
intentional collaborative behaviors without deeply modifying their individual struc-
ture or behavior” [7]. These definitions demonstrate that interoperability is rapidly
becoming complex and that its success depends on the resolution of a number of
barriers [8].
There are three categories of barriers: conceptual (syntactic and semantic incom-
patibilities), technological (incompatibility of IT architecture and platforms, infras-
tructure, operating system, etc.) and organizational (incompatibilities of organization
structure and management techniques) [9].
Three interoperability concerns are identified: interoperability of data, interoper-
ability of service and interoperability of business.
According to EIF (enterprise interoperability framework) [9], we can notice three
approaches of interoperability: integrated, unified and federated.
2.2 Performance Measurement
A problem of interoperability induces a processing of conformity of the data so
that they can be exploited in the continuation of the process (most often reentry).
This processing is a non-value-added task (NVA). Resolving the interoperability
problem leads to the disappearance of this task. In order to highlight the need for
this disappearance, it is necessary to display the figures represented by the resources
used in this processing using performance indicators.
We have defined the following four performance domains: cost, quality, reliability
and time. Cost, quality and time are the three most used indicators. Reliability is a
part of quality. Indeed, if a datum does not comply with reliability, then it does not
comply with quality. But in the case that interests us, it seemed that it should be
interesting to measure it, because it is one of the most important sources of the non-
quality of data. Indeed, most of the business software integrates control mechanisms.
These mechanisms can force to insert relevant data (the data type is as it is expected),
complete (all the fields have to be filled) and consistent (by limiting the values of
the inserted data). But they will never be able to prevent the insertion of a bad value
(non-reliable).
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3 Related Works
Several works treat the problems of performance measurement visibility in BPMN
models. Pavlovski and Zou [10] propose an extension that permits to identify the
non-functional requirements. They introduce two new artifacts: The first, operating
condition, indicates that a constraint is related to a flow object. The second, control
case, specifies the business controls which will be set up to deal with the risk of the
mode of operation. But these extensions do not permit to display any performance
measurement.
Lodhi et al. [11] propose to extend BPMN. Their goal is to represent the impact of
business objects in execution. They use different colors that indicate the performance
level of activities and the use of different swim lanes for each dimension (for instance
cost or time) and three lanes to show if the performance is low,medium or high. Other
extensions are proposed that are out of the scope of this paper. But the proposed
extension does not display the values of the performance measurement, and we think
that these values have to be shown in order to be adequately appreciated.
The contribution of Saeedi et al. [12] adopts an annotation approach to make
visible performance measurement. The proposed extension is based on the use of
tables in which the results of performance measurement of a task or a process are
displayed. In order to calculate the performance measurement of a process, they use
reduction rules. They consider cost, time and reliability requirements. Then, this
work is not interoperability oriented, and it does not consider data quality. Besides,
their work has been very helpful for us.
All mentioned works cover the problems of performance measurement. But they
do not cover the specific issue that is interoperability in data interchange between
different information systems. This issue is traditionally reserved for IT technicians.
This is surely useful, but it does not offer a possibility to make these problems
visible for all the collaborating business partners (and not only IT technicians).
With the extension we define in our work, we offer the possibility of that shared
understanding, which is one of the main goals of BPMN.
4 Extension
Our aim is to create a sustainable extension of BPMN, which allows displaying per-
formance measurement values of cost, quality, reliability and time in the framework
of process diagrams, in order to solve interoperability issues in data exchanges. With
dataInteroperabilityBarrier and dataInteroperabilitySolute we defined in our previ-
ous work [4], this new extension can be used in very different business contexts,
for example in inter-company data exchanges, in Web applications, etc. It will make
possible to show practically the inconveniences caused by an interoperability prob-
lem. The goal of this extension is not to solve interoperability problems (there is no
automatic resolution of the problem), but to reveal it. It will permit to make evident
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the interoperability problems in the AS IS model and show in the TO BE the benefits
of solving them.
We propose the performanceMeasurement extension. It allows displaying in any
task or task group the values of cost, quality, reliability and time indicators.
4.1 BPMN Extension Mechanisms
BPMN has been designed to be extensible. The technical structuring of BPMN is
based on the concept of extensible layers around a core of simple elements. Extensi-
bility is used to define an overlay of elements to better represent concepts inherent in
the targeted industry. BPMN provides generic extension elements in the metamodel.
BPMN has extension elements in order to add additional elements and attributes
to the existing BPMN elements. These extension elements are: ExtensionDefinition,
ExtensionAttributeDefinition, ExtensionAttributeValue and Extension. The Exten-
sion element links an extension to the BPMN model. The structure of this element
is defined by the ExtensionDefinition element, which adds extra attributes. Each
attribute is defined by a name and a type in the ExtensionAttributeValue element,
and this value is set by the ExtensionAttributeDefinition element.
This extension permits the inclusion of the table definition that makes possible to
display the values of performance measurement of cost, quality, reliability and time.
The structure of the proposed element is defined through ExtensionDefinition and
ExtensionAttributeDefinition elements.
The structure of BPMN is described through two representations:
• The Meta-Object Facility (MOF) metamodel in which the concepts are character-
ized;
• The XML Schema Definition (XSD) in which the format for interchange is settled
[13].
The class diagramof theMOFmetamodel is presented in the specificationmanual.
It is divided in different sections. We will only represent the section that concerns
our study (see Fig. 5).
We have defined the following ExtensionDefinition elements: cost, quality, time
and reliability. The corresponding ExtensionAttributeDefinition elements are: imple-
mentationCost and executionCost for the cost, qualityValue for the quality, execu-
tionTime for the time and reliabilityValue for the reliability.
We can see in Fig. 6 how the new extension is linked to the Definitions class
(Figs. 1 and 2).
338 X. Heguy et al.
Fig. 1 BPMN class extension
Fig. 2 Link with the BPMN metamodel
4.2 Performance Measurement Aggregation
As explained previously, an interoperability issue causes the necessity or a (or more)
non-value-added task to address this issue. The final goal being to solve the interop-
erability issues, it is necessary to compare the performances of the existing system
(AS IS) with those of the future system (TO BE) in order to appreciate the benefits of
this solving. But when the interoperability issue will be solved, the non-value-added
task will disappear. Then, it will not appear in the TO BE model. We will then com-
pare the performance of a unique task (in the TO BE model) with those of a set of
tasks (in the AS IS model). We have then to be able to aggregate the performance
measurements of two or more tasks.
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Fig. 3 Sequential process reduction
Fig. 4 OR process reduction
Fig. 5 AND process reduction
In this section, we propose a performance measurement aggregation model based
on Ducq’s works to determine the different aggregation typologies in a data interop-
erability scope [9].
(1) Processes reduction
We propose to use the stochastic workflow reduction (SWR) algorithm [14] to reduce
the tasks. This algorithm uses six reduction rules: sequence, parallel, conditional,
fault tolerant, loop and network.We consider that only the first three rules are relevant
in the scope of data interoperability. Indeed, fault tolerant and loop rules are more
IT oriented. And a network process block represents a sub-process. In the case we
are discussing, there are most of the time two tasks: the data reception and the
data processing (the non-value-added task) which is not enough to constitute a sub-
process.
The reduction rules are successively used to a process. Following, a unique task
remains. The performance measurement values of that task will then match with
those of the entire business process. We reduce the Ai tasks in the A task.
Sequential reduction: Here, all tasks are executed consecutively (Fig. 3).
OR reduction: In this aggregation type, we can equally execute task A2 or A3,
having different performance characteristics. See Fig. 4.
AND reduction: In this case, we have to execute both tasks (A2 and A3), having
different performance characteristics. See Fig. 5.
340 X. Heguy et al.
Fig. 6 performanceMeasurement
representation
(2) Performance measurement aggregation
Once we solved the process reduction problem, we will define the formulas we will
use in order to calculate the values of the aggregated tasks performances.
Sequential aggregation: Cost and time are equal to the sum of costs and times,
respectively. Quality and reliability are equal to the product of qualities and reliabil-
ities.
Cost:
C(A) = C(A1) + C(A2)
Quality:
Q(A) = Q(A1) ∗ Q(A2)
Reliability:
R(A) = R(A1) ∗ R(A2)
Time:
T (A) = T (A1) + T (A2).
ORaggregation: The values of cost and time are equal to themaximumof costs and
times, respectively. The values of quality and reliability are equal to the minimum.
Cost:
C(A) = max(C(A1),C(A2))
Quality:
Q(A) = min(Q(A1), Q(A2))
Reliability:
R(A) = min(R(A1), R(A2))
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Time:
T (A) = max(T (A1), T (A2)).
AND aggregation: The value of cost is equal to the sum of the costs. The value
of the time is the value of the maximum time. The values of quality and reliability
are equal to the products of qualities and reliabilities, respectively.
Cost:
C(A) = C(A1) + C(A2)
Quality:
Q(A) = Q(A1) ∗ Q(A2)
Reliability:
R(A) = R(A1) ∗ R(A2)
Time:
max(T (A1), T (A2)).
The aggregation based on multiplicative operator has a drawback: It can amplify
the errors. But it makes them more visible, which is a good thing in our work’s scope.
5 Graphical Representation
We propose to provide the graphical representations for the performanceMeasure-
ment extensions visible in Fig. 7. This extension represents a table where the values
of cost, quality, reliability and time are displayed. This table is coupled with every
task or the task group from which we want to display the performance.
6 Use Case
To illustrate the interest of performanceMeasurement extension, we will study the
case of Onetik SME. This company of the Basque Countrymanufactures andmarkets
cheeses. It uses theNodhos ERP. It is an SME, but it is a part of a supply chain, having
many providers and clients. We can therefore think that it is a relevant use case.
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Fig. 7 AS IS model
The shipment management module of this ERP does not give it complete satisfac-
tion, and its use is source of errors and therefore, among other things, disputes with
customers that are costly for the company. The replacement of the ERP is not envis-
aged in the short term mainly for financial reasons. The management of Onetik has
then decided to graft the shipment management module of another ERP (InteGraal
Agro).
In the framework of this project, two models were carried out using BPMN: One
is corresponding to the existing system (AS IS) and the other to the desired system
(TO BE). Each model consisted of several models of the various processes. We will
represent the (simplified) process of order preparation.
This AS IS model (Fig. 7) represents (a part of) real case proposed by the current
organization of the information system. This is to be developed by describing the
problem faced by the enterprise and the problem that is engendered by this situation.
The actual ERP (Nodhos) permits to print a preparatory delivery bill (PDB) with
the listing of the packages to be weighed. Then, this PDB has to be carried to the
scale. Before weighing a package, some data have to be manually entered in the
scale. These data are: product ID (PID), client ID (CID), tare, number of packages,
use by date and batch number. It is obvious this is an interoperability issue. The data
reentry task is a non-value-added task which presents a big risk of error.
After weighing the package, the values of weight and batch number have to be
noted in the PDB (paper). The filled PDB is then carried back to the operator who
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Fig. 8 TO BE model
enters in the ERP the values of weight and batch number, which presents a new
possibility of error.
We grouped all the tasks involved in the data transmission, and we use the per-
formanceMeasurement extension in each task as well as in each group. Of course,
we used the reduction rules and the aggregation of performance measurement to
calculate the values visible in the table coupled to the groups. We can now show
the consequences of the interoperability issues to every participant of the project
by displaying in the AS IS model the values of cost, quality, reliability and time of
each task and each data transmission process. We will now be able to compare these
values with those of the TO BE model which will solute the interoperability issues.
We use the extension we proposed to represent the data exchanges presenting an
interoperability issue [4].
The TO BE model (Fig. 8) represents the solution that has to be implemented in
order to solve the interoperability issues. We can see in this model that the interop-
erability issues have been solved. Consequently, there is no more non-value-added
task and the risks of errors induced by the reentry tasks have disappeared. But, we
can display the values of performance measurement of the data transmission tasks.
With these two models, we can quickly make a comparison of the performances
between the existing and the future systems. This will be useful to show to the
performance improvement.
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7 Perspectives and Implementation
These works are still under development even if the extension has been success-
fully used in Onetik. The next phase will consist in implementing the proposition
within a software solution. The BPMN 2.0 Modeler Project [15] has been selected
for its capacity to integrate a model-driven approach, BPMN 2.0 models and simu-
lation aspects. The conceptual phase has been achieved, and we are working on the
development of this extension that will be the baseline for representing performance
aspects on the BPMN model. A future work will be to plug a simulation engine to
BPMN 2.0 modeler to make possible a machine-based processability.
8 Conclusions
This paper is proposing a BPMN2.0 extension in the context of interoperability iden-
tification and solving. This extension permits to display the values of performance
measurement in the models for tasks or task groups involved in data transmission
presenting an interoperability barrier and problem solved thanks to a graphical icon
added to the original task or group item of BPMN. The interest of this approach has
been illustrated on a use case from industry. These new features of BPMN allow
bringing to light to all participants of a CBP project (managers, IT technicians, pro-
cesses owners, etc.) the presence of an interoperability barrier and its solution.
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